Asthma is common in children with allergens and mould influencing the development of the disease. Since children spend most of their time outside their homes within the school environment, school indoor air quality can directly influence their respiratory health. This study aims to identify microbiological contaminants in Maltese schools. The association between contaminants, respiratory health and school characteristics has been analysed. Five primary schools were selected with 9 to 11 years old students participating. Standardised health questionnaires, lung function tests, and school characterisation were performed. Dust samples were analysed for fungi, bacteria and allergens were performed. Penicillium/Aspergillus/Paecilomyces/Variotii (PenAsp) group had the highest median indoor concentration followed by Mycobacterial and Streptomyces species. There was a significant negative correlation between PenAsp and Mycobacterium spp levels in all the participating schools (r = −0.42; p = 0.03). Cat allergen in classroom dust correlated positively with the number of cat owners (r = 0.43; p = 0.041). High exposure to fungi, bacteria and allergens was significantly associated with upper and lower airway atopy. School/classroom characteristics and cleaning protocols were significantly associated with exposure to these pollutants. In conclusion, fungi, bacteria, endotoxin, cat and dog allergens have been found to have a direct influence on school indoor air quality in the Maltese Islands. A significant association was observed between these contaminants and upper and lower airway atopy. Specific school, classroom, cleaning and maintenance characteristics have been identified as having a direct impact on indoor air quality.
Introduction
Asthma is a common allergic disease in children and allergens secondary to house dust mite, cockroach, cats, dogs and fungi are considered as potential contributors to the development or progression of the disease [1] . Mould in the school environment was associated with asthma [2] and Aspergillus spp resulted in a decrease in nasal patency and increased ECP and lysozyme nasal lavage (NAL) levels [3] . The HESE Study showed a significant positive correlation between the prevalence of wheezing and Aspergillus/Penicillium DNA, while Aspergillus versicolor DNA correlated positively with wheeze, rhinitis, and cough [4] . Since there is no data about biological contamination of schools located in island nations such as Malta, this study aims to provide new data about the microbiological and allergic contamination of primary schools located in the Maltese Islands which have very specific geographical and environmental characteristics. It is difficult to extrapolate data to different regions of the world due to unique microenvironments. This data will help in the improvement of school indoor air quality both in Malta and in countries having similar environmental characteristics.
Materials and Method

Data Collection
Five primary state schools were selected randomly from five geographical clusters of schools designated north, south, central, east and west. Three classrooms within each school were selected among the 9 to 11 year age group with all students asked to participate. The classrooms were randomly selected by ballot system so as to eliminate potential bias. Primary state schools in Malta are coeducational.
Ethical Approval and Consent
This study was approved by the University of Malta Research Ethics Committee and the Education Department Research Directorate.
Health Assessment and School Characterisation
Standardised health questionnaires focusing on wheezing, rhinitis and eczema based on ISAAC [5] were answered by the children's parents. Lung function tests, acoustic rhinometry, exhaled NO, exhaled CO and nasal lavage were performed on the participating children. Characterisation of each participating school was performed focusing on the school building, classrooms, cleaning/ maintenance protocols and the outdoor environment.
Microbiology and Allergens
Dust samples were collected from each of the selected classrooms. Settled dust was vacuumed from surfaces above floor level into dust sampling socks while electrostatic dust fall collectors were used for the passive sampling of airborne dust onto electrostatic wipes. Floor dust was collected using ALK adaptors and filter cassettes fitted to vacuum cleaners. Indoor levels of endotoxin were deter-
mined using the limulus ameobocyte assay [6] .
Microbiological species investigated in this study included Aspergillus versicolor (Avers), Cladosporium herbarum (Cherb), Alternaria alternata (Aaltr) and Trichoderma viride (Tviri), a larger fungal group comprising Penicillium spp./ Aspergillus spp./Paecilomyces spp. (PenAsp), as well as the two bacterial genera Streptomyces spp. (Strep) and Mycobacterium spp. (Myco) . These were analyzed using quantitative polymerase chain reaction (qPCR) techniques [7] . Allergen levels were determined using two-site sandwich ELISA for house dust mite (Der p1, Der f1), cat (Fel d1), dog (Can f1) while horse allergen (Equ cx) was measured using monoclonal antibodies [8] [9] . Due to the lack of established guidelines, data has been reported in quartiles and schools having indoor concentrations within the upper quartile were considered as having elevated levels of the particular microbiological or allergen contaminant.
Statistical Analysis
Data was transferred to IBM SPSS Statistics version 21 (Inc., Chicago, IL) for analysis. For statistical significance, a p-value cut off point of 0.05 was adopted.
In the case of multiple comparisons, the Bonferroni correction was applied to avoid inflation of the Type 1 error. Regression analysis was used to eliminate any possible confounding factors.
Results
Indoor Microbiological Agents
A total of 15 classrooms (n = 15) in 5 schools were studied. Local results have been compared to the SINPHONIE data [10] since similar methodology was used. Penicillium/Aspergillus/Paecilomyces/Variotii (PenAsp) group in this study had the highest median indoor concentration followed by the Mycobacterial and Streptomyces species Table 1 . The highest levels of PenAsp organisms were seen in schools 1 and 2 (p < 0.001) Figure 1 while schools 4 and 5 had the highest levels of Mycobacterium spp Figure 2 . There was a significant negative correlation Table 2 compares local allergen data to that from SINHONIE [10] . of the schools had evidence of Der f1 and horse allergens.
Indoor Allergens
Association between High Exposure to Microbial Contaminants and Health in Children
High exposure in this study was defined as indoor levels of pollutants above the 
Association between High Exposure to Indoor Allergens and Health in Children
Students with high exposure to cat allergen within the classroom environment reported both upper and lower respiratory symptoms. 
Discussion
Interpretation of microbiology and allergen data in schools is challenging since no established European guidelines exist. The methodology utlised in the current study was similar to the SINHONIE study [10] thus enabling comparison of local data to European results. Madureira et al. [11] has shown that primary schools and child care centres had the highest concentrations of indoor mould with Penicillium and Cladosporium being the most commonly isolated moulds.
Children were significantly more susceptible to fungal and bacterial exposure when compared to elderly patients [11] . The SINPHONIE study [10] has shown a large variation in school indoor biological contaminants and allergens making it very difficult to extrapolate data obtained in one European region to another. This is particularly relevant within Maltese schools due to the unique geographical and environmental characteristics of the Maltese Islands.
The Penicillium/Aspergillus/Paecilomyces/Variotii (PenAsp) group had the highest median indoor concentration however these microorganisms represent a significantly larger group of bacteria and fungi when compared to the other microorganisms analyzed in this study thus possibly explaining the high indoor levels of this group. Schools 1 and 2 had significantly higher indoor PenAsp levels compared to the other three schools which exceeded the SINPHONIE upper quartile thus suggesting significant contamination of these schools possibly associated with humidity, dampness, poor ventilation and poor cleaning protocols [12] . Similar findings were observed with indoor Aspergillus versicolor, where four schools had indoor levels above the SINPHONIE upper quartile [10] . Schools 4 and 5 had lower levels of PenAsp but higher levels of Mycobacterium spp. The presence of Mycobacteria in settled school dust has not been P. Fsadni et al. • Alternaria alternate and Streptomyces spp Direct sunlight in classroom Students MORE likely to have high exposure to:
• Trichoderma viride and Cladosporium herbarum Curtained area on classroom windows less than mean (11 m • Endotoxin Students LESS likely to have high exposure to:
• Streptomyces spp and Mycobacteria spp extensively investigated and might be directly associated with poor indoor ventilation and humidity. Mycobacteria might also compete for nutrients and resources with the PenAsp group potentially explaining the inverse relationship between indoor concentrations of these two groups.
Indoor Allergens
Indoor allergens are traditionally associated with atopic disease in humans and their role in schools needs better clarification. Cat and dog allergen levels within several local classrooms were found to be above the SINPHONIE third quartile with a significant association seen between the number of cat owners at home and allergen levels within the classroom. This result confirms the potential risk of transmitting cat allergens from the home environment to school [13] thus exposing other children who do not own pets. Enhanced cleaning and maintenance protocols in local schools are needed together with better education for students and parents on how to minimize exposure to these allergens. School administrators must also ensure that overcrowding of classrooms is avoided.
Microbiological Contamination and Health
There is limited data focusing on the role of bacterial contamination of classrooms and health of school children [14] [15] . This study has shown that high exposures to bacteria and fungi was associated with asthma, rhinitis, rhinoconjunctivitis and atopic eczema. The impaired spirometry, elevated eCO and eNO, narrow nasal cross sectional areas and volumes and increased nasal lavage inflammatory markers confirm the impact these organisms have on the childrens' health. Destruction of bacteria and overcrowding increases levels of endotoxin within the environment [16] . Endotoxin is one of the parameters determining local school indoor air quality due to its association with atopy. Eliminating classroom dust containing endotoxin by adequate cleaning protocols is another crucial factor contributing to improved indoor air quality.
Exposure to Microbiological Pollutants and the School Environment
Both central and southern parts of the Maltese Islands are low lying and the prevailing warm, humid southerly winds [17] might increase school microbiological pollutants. Exposure to rural endotoxins during childhood protects against asthma thus explaining the lower prevalence of symptoms seen in the rural school [18] .
Recently built schools or those with recent modifications had lower bacterial and fungal pollutants possibly due to lower humidity levels when compared to older schools [19] . Crowded classrooms favour the transmission of animal allergens from students who have pets at home and contribute to poor air quality resulting in upper airway irritation [20] .
Classrooms with south facing windows have higher exposures to endotoxin and fungi due to the prevailing humid southern winds. Small openable window
areas or window openings obstructed by curtains have poor ventilation characteristics thus favoring indoor microbial contamination.
Road re-suspension of ambient dust [21] is thought to explain the increase in microbial pollutants found in classrooms facing a road. Humidity and water damage were significantly associated with exposure to Mycobacteria, Chladosporum herbarum and PenAsp. Petronella et al. [22] 
Conclusion
This is the first time that school dust in Malta has been analysed for microbiological contaminants. Fungi, bacteria, cat and dog allergens have been found to have a direct influence on school indoor air quality in the Maltese Islands when compared to European data. A significant association was observed between endotoxin, bacterial, fungal and cat/dog allergen contamination and atopy. Specific classroom, cleaning and maintenance characteristics have been identified as having a direct impact on indoor air quality. This highlights the importance of considering these pollutants when assessing school indoor air quality and when planning remedial measures to decrease contaminant levels. It is envisaged that this data will provide a reference for future studies within schools and will help in the design of "ideal" schools in Southern Europe having high standards of indoor air quality. It is hoped that this data will contribute to the development of school indoor air quality guidelines which reflect all regions of Europe.
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